DIALOG(R)File 345:Inpadoc/Fam.& Legal Stat 
(c) 2005 EPO. All rts. reserv. 

16874359 

Basic Patent (No,Kind,Date): CA 2306833 AA 20000302 <No. of Patents: 026> 
ORGANIC PHOTOSENSITIVE OPTOELECTRONIC DEVICE DISPOSITIF 
ORGANIQUE 

OPTOELECTRONIQUE PHOTOSENSIBLE (English; French) 
Patent Assignee: UNTV PRINCETON (US) 

Author (Inventor): BULOVIC VLADIMIR (US); FORREST STEPHEN R (US) 
IPC: *H01L-031/06; B32B-009/04 
Language of Document: English 
Patent Family: 



Patent No Kind Date ApplicNo Kind Date 




AU 9955777 


Al 


20000314 


AU 9955777 


A 


19990818 


AU 200116096 


A5 


20010604 


AU 200116096 


A 


20001115 


AU 772422 


B2 


20040429 


AU 9955777 


A 


19990818 


BR 9906708 


A 


20020213 


BR 99U6708 


A 


19990818 


CA 2306833 


AA 


20000302 


CA 2306833 


A 


19990818 


CN 1277738 


T 


20001220 


CN 99801626 


A 


19990818 


CN 1399797 


T 


20030226 


CN 2000816200 


A 


20001115 


EP 1048084 


Al 


20001102 


EP 99942386 


A 


19990818 


EP 1234338 


Al 


20020828 


EP 20002000978 


A 


20001115 


EP 1048084 


A4 


20010509 


EP 99942386 


A 


19990818 


JP 2002523904 


T2 


20020730 


JP 2000566896 


A 19990818 


JP 2003515933 


T2 


20030507 


JP 2001540845 


A 20001115 


US 20020119297 


AA 


20020829 


US 26091 


A 


20011221 


US 20020197462 


AA 


20021226 


US 212661 


A 


20020805 


US 20040151887 


AA 


20040805 


US 757896 


A 


20040114 


US 6198091 


BA 


20010306 


US 136164 


A 


19980819 


US 6198092 


BA 


20010306 


US 136165 


A 


19980819 


US 6278055 


BA 


20010821 


US 136377 


A 


19980819 


US 6297495 


BA 


20011002 


US 136166 


A 


19980819 


US 6352777 


BA 


20020305 


US 136342 


A 


19980819 


US 6451415 


BA 


20020917 


US 449801 


A 


19991126 


US 6692820 


BB 


20040217 


US 212661 


A 


20020805 


WO 200011725 


Al 


20000302 


WO 99US19067 


A 


19990818 


WO 200139276 


Al 


20010531 


WO 2000US31312 A 


20001115 


WO 200011725 


C2 


20000831 


WO 99US19067 


A 


19990818 


TW 479373 


B 


20020311 


TW 88114114 


A 


19990818 



Priority Data (No,Kind,Date): 
US 136342 A 19980819 
US 136166 A 19980819 
US 136377 A 19980819 
US 136165 A 19980819 
US 136164 A 19980819 
WO 99US19067 W 19990818 
US 449801 A 19991126 



BEST AVAILABLE COPY 



WO 2000US31312 W 20001115 

US 26091 A 20011221 

US 136342 Al 19980819 

US 212661 A 20020805 

US 449801 Al 19991126 

US 136342 A2 19980819 

US 136166 A2 19980819 

US 136377 A2 19980819 

US 136165 A2 19980819 

US 136164 A2 19980819 

US 757896 A 20040114 

US 212661 Al 20020805 



<19>B*H1MOT (JP) 02) & ^ & (A) (ll)ftf*fflg&SS^ 

#^2003-515933 
(P2003-515933A) 
(43) &3 0 Wm&P 5^ 70 (2003. 5. 7) 



fi f-v3-r(##) 

H0 1L 31/04 D 5F0 5 1 



(5i)intci.' mmn 

HOIL 31/04 



m&ffi#. ^WfSfflf* * (£ 49 JO 



(2i)me## 


ftB2001-540845(P2001-540845) 


(71)fflgA 




*7 ^U>Xh> 


(86) (22)tfJgB 


VlSiWm 1H15B (2000. 11.15) 








(85)«jfOaifflB 


¥f£l4*p 5 3 27 B (2002. 5. 27) 








(86)nfsmg## 


PCT/USO 0/3 13 12 




>XhX 


. 36 


(87)BB&H#^ 


WOO 1/0 3 9 2 7 6 


(72mm 






(87)HB^HB 


¥f£l3^5^31B(2001.5.31) 








(31)«5fc*fcfe®#^ 


09/449, 80 1 




>XhX 


H5-f^ 148 


(32)«JfeB 


¥^11^11^2630999.11.26) 


(72) mm 








*H (US) 














n-H 16 






(74)ft«A 


#a± &*r m (*3£) 













(54) C3BK©^] ttfi*fiilJH*fe^*1M#S*:/F-xi/* hD-^x*^ 



(57) [£ft] 

K'&tthx.V'rYuzzxm- (OPODs) ifim^ 

S3ts!i^opoDS%>ii^sn«. jae^iaitJifc&s 



( 2 ) 003-515933 

[ftfFft # nm®] 

[ ft * a i ] ato**>snfcHftfc**2^©«ii: 
Eflil ; 

[ fl * E 2 ] lOBSEfiil*- if illtiifliil*^^^ 

[ ft * ft 3 1 l^OBSfiJtl* 1 . jEJlliaiJifcM^BJhftfcPftl' 

[ ft # ft 4 ] '> ft < tt> i ^©Bfi^BJkJitfSB-oBfi^BJtlfcitf 
ft^oBS^HJhftTfcD.ft-oftB^BJfc*********"®* 8 * 11 

gfiiIi:ISlfcSgtfflF»1f^5 - ft # ft 1 £> 3t ^ . 

[ w # ft e ] «^fti£ii*<PTCB inc ; 

I?LiIi* s CuPcT»0 ; ^ L T 
B8f BJhlJl'BCPT** ; 

ft^ft 2 0)%^. 

[ ft # ft 7 ] If «1S*«PTCB ItSC ; 
IE?l«li£!#CuPcT£9 ;^LT 

flfi?BJtI#m-MTDATAitttPEDOT*6ft*»®l^T?*5; 
R#ft 3 Oft^ . 

I ft * « 8 ] H ? Hi i§ S • IE ?L ft >£ ft , *J:tfftfiTBJh«*«. ^i£8§£ 
jgfig-f-520(D¥fT& 3 Fii©SSttt*iiOWlcEftSnT^-5. ft * * 1 ©J^^ 
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0 

[ H # 1 0] EWtt*ffi©¥Hfc¥fT&#flia>&#a**^K:A.5J:3K 
20©Kattt*H©Wi;:»W&Wa«*#-J-*. ffll # 5! 8 © iii . 

[ ft * JB 1 1] SS(5«)ltt*yhil/^ h o - y 9 • -y- -? -t ;p ^ 6 $ & 
Snfctlf ISJttt^y MH? hDX^XPg^fCfc^T. '> & < £ t> 1 O © 

- ? X ifi^ . 

[1*11 2] IfifiJhlSa^LT H * -* 7 -fc * *» . PTCBUS 
^-r^m^^itlt. m?$fti£«KISHgU^LTC u P c £££-f3IE?Lti2IJf 

t £G?z>. m*m i o oif. 

[ » # jg i 3 ] u-y-fc^tfj&e^Eihjis&SL. igfiiiaBCP 

1 1 

jtlttm-MTDATAJfcttPEDOT*^5|i^ilift, b T IE ?L $i 
[ 91 # * 1 5] Bfa*:b3nfcWflifc*.&ft«i5j:tf|»« ; 

&m tw,ma fsuzmm z n ft, mi-mam izmmv-c tozmnmikm « 

7©*gifc ; fe«fctf 

llfei^lSffl-Jt, URO^TtOWCEiSntftfif lib! ; 

tffi^wi 6] l^oBSfEjtidiHiiiio^r^oinetiin 

M$g 1 4 . 
li*JS 1 8 ] iEf lJti*<BC PT*5, S*]|14©|f. 
[ flt # Jg 1 9] aSf iiI*«m-MTDATASfcliP EDOT*&& 
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5 If 6 S tl T H * . 1 4 Of f . 

[ « * * 2 0] «ft©^7©IEai&iSIIfc« : P*3ll* , »Ifc*'** ^ 
«|Mft»)E^SSttU?l:lSnTM, * * * 1 2 © * * . 

[ « * JS 2 13 «R©^7©#^7*»CuPctPTCB IT*5, • & 
9 1 2 © $ ^ . 

[ • # J* 2 2] «»©"<7*«d>fc<£*>5*fTi&S. fit * * 1 2©$f. 
[ fit * « 2 3] fS0^7*i'>ft<til 0 » T » * . » * * 1 2 © * ^ 



<3? ^7 t©iail:iiSnT^5. 8* * 51 1 2 ffll? . ■ 
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[ 5E w co m m & & w 3 

[ 0 0 0 1 ] 

dtltt, 1 9 9 8 ¥8^ 1 8 BI:tUiSnf;*i#fFliJI$ 0 9 / 1 3 6, 3 
42^.^09/136, 166^. Sg09/136, 377^.^09/13 
6, 165^.^09/136, 16 4#©-«>lttaBT*-5. 
[ 0 0 0 2 ] 
( % W © # » ) 

DfiKli, *^WUigfiihl (exc i t on blocking la 
ye r) S#-r*#«*ifctt*:/hxu*hn = *;***fciAtf*l»*ttfttf 
*J IS X ^ £ h^S^jg^tcwr^.. 
[ 0 0 0 3 ] 
( 58 91 O « ft ) 

%mntS (pho t ovo l t a i c) (PV) 7/tOiLTt) 

«a***T*ft«rM&B»T*0CttflJSttT«*tf?<^>y (1 ig 
ht ing) t - -r > ^ (heat ing) £JI#ft-5Xte3>fc:i-*- 

* jb a « * fc » mm, b omoftmytmfr z om&mw&mm'ti 

*-8rjf£183§£#5. ZCfcttfllSnstfr. ffl §§ I" £ ft Hffi (res i s t i 
ve 1 o ad) j l2flr&*®«ft-*tt**fcl2B , X?*tt«. £ B * fc « > X 

[ 0 0 0 4 ] 
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tft»I*6MSnTtfc, £ H T? . fflffi r^^ftj fii?Sffj£ fcfii««attB 

ffl f§ r^^mtt (photoconduct ive) J H-fiS:W(C«. 

8/t9-£tfffl£«aK**TS*3»*fcJ:oT««"3ttSnS. H !t £ fit 
#ji«0->U3>*«IBb&» : F« t K»»«*0«tt*fi* T;60 - * ^ T & 

& H K * (c rys ta 1 1 i ne-based) * * fit # X K » * * ■ ft « * 

on ce 1 1) tt*t«Snft»** , 4-8XT*i. J:0«ifi©5!;rjfii$18 
[ 0 0 0 5 ] 

£tC-€-tt€>#ft£)5£«E (photogenerated vol tage) 5 
tU8tV>5tt«t*t*. ^SOifIfWfti$aLTlBSn&tS. PV 
x/\'-fX«^OS*Bf«g«ffi^ii8S^®V(V open circuit)* 
fc(iv , (1 §5543^5, PVf/HX* ! *«)tSl8;SS@Bl'TlStSft54 
6 . l*fi*t*SftttI..* , 4C«. ( /X 9 - ) (power) £ fg £ £ 
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. & v ... ft * t * . *»«*ottii»»a*©J:5Kj6«sn*7-fji/- 77^7 

* - ( f i 1 1. factor) f ft*5: 



#= WWx (J) 



£ £ T . ffH*Cl*|*T**. ffl tt ft 6 tf . 3Hfflfc*^TI,ttV,tttftL- 
TIIIICH;t6n4W*6T»«. * n T fc . f f *«1 CSiStSSf, 7/H 

[ 0 0 0 6 ] 

*mm&&®ttntz t ( o rgan i c mo 1 ecu 1 a 

r c rys t a 1) (OMC) «»ifett#'j7-t + »4i*j^-o|8 

nttfB-^T« S,+ h v->S D 'iLt$bttl5. i i t S 0 i3 <t t)! S , ' n-P 
*igjg:te«ktfl!)g#^#!i£^t-. ZLQ>x.*)l> rc-iig^Tft^Tt) 
J:V><B«^»TO**|ttl8 (bound s t a t e) 6 0 « © . « * - » 
^T*-pTfc«fc^e^#^©#ii, £ ft *3 l£ W Id li . e^«*^&©iE7L©. iffi 
tt ? # © # it . i:HiLTV>5. v»T»i. £ £ n ft # 

^ttttttss^-c**. -r ft fe s . qse^tUTttaisnsjRWttiBfc***^ 

-lEft^TTft-S. i-ft(9Ctt|i;6ft4. Slig^ttftlSijgS- (gemina 
t e r ecomb i na t i on) ©B^lC + ^ft^^SrWf-SCt^T^-S. 
»«8£tt7C©«-?£iEft#£^K:ff«£T*Cfc£*UTii0. ffi © ^ 7 6 
©IE?L*fctt**fc©SI*££:tt"5j&<3. 3t*«*4i;*lCtt, l^-IEft^T 

wt # « s n ft w n « ft s & t» . if A^iLiiDt, ^n^ttjttBg&yDtx 

TifiSlTLi^, * n » ft (quenching) <hLTfcfc]<=>ttTi5(3 

# 56 ft » IC *» £ ft 6 » T- © ft ft T ft -5 . 
[ 0 0 0 7 ] 
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a jg =t o <i * > it $ fc tt * it a . *4cttii«nTi4v>ftv>««. - * » c « . 

KB . « JA (con t ac t) . ft S £ fc tt * © tt © ft » « » ( 1 "h 

omogene i ty) T?gI4tflC^tV>5. L « L tf , -f * > ft tt M T 

-e-+h'T*^fc>£n3„£®mft (overall electric fi 
e 1 d) St»fcS:^*t»0««C*»t**^*^«T-f*>ft*«fiilSt. £ 

, i? tjEaii-tn^noEMtS (opposing electrode) 

fi?*«ri*V»«»tl«"C*ff*lU (f i e 1 d-emi s s i on) iCioT 
fi H 5 . X tt ft iB T . « *. tf , ^7^n->7^> (coppe r ph tha 
locyanine) (CuPc) t 3 , 4, 9. 10-^U>fF5*** 
^ ij „ ^ _ f x - ^ > X<1 5 9 - )V (pe ry 1 ene t e t racarb 
oxyl 1 c-bi s-benz imidazole) (PTCBI) <D i o U 

#tt^f^tt<k#sjis, -f & fc> . v>< &a»®x*;i'*-a<Jissx*;i>4 s — tux 

05X*;V*-#8i, T £ B E& « ? (fcatfPTCBl^ffl) t £ 6 £ 

a (fcatKuPccfffl) oi^^-i, ^»s8t5afi^©x^;u^-=t 

[ 0 0 0 8 ] 

«^(c43W^*«$fe«a«S5»(±afi^&«HiJ:0tJb5^^^^^* i; b^ 

t * & a * e at l t < z. t ft m £ u v> . cniiififffltkissD (junc 

t i on) iS<«fi*KiWI«-r*Jft***"r*©T. S^ii© (J u n c t i 
on as soc i ated) litt*^fi<«)18?®*ICi'T#8Sn 

[ 0 0 0 9 ] 

ICfitB. W«!£3£tt*7r-Xl/?r-n)-?;?.iS? (organ i c ph 
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otosensitive optoelectronic devices) 
(OPODs) if«%)tlf (organic light emittin 
g devices) (OLEDs) tO|lll©KSJ0l»<?*l:oi>TBBStl 
•5 £ T & 5 . OLEDCiHTtt. *?©«t"v©jE?Li* : F©*n££i;S-8- 
3 fc © IC * ^ tC /W 7 X *» EP DO ts ft 5 . OLEDs C*UTtt, **»TH»)ltW 
tC (rad i at ive 1 y) X tt # 56 ft » fc (non-rad i at ive 1 
y) »*S£f«T*$5Sig : Fat-iN;:»j«Stt*. OLEDs C4JV»Ttt, S 

*jfi#ttsti£a<a*ft*ii*Ta<5. opodskshtm:. i*ig? 

OPOD|*tt»IHJtn68l«#ftl:oHTltfnS*l. 
OL ED s fflffl^^tt (pho t o 1 umi ne s c en t ) ttm\t*t\£><D% 
ft # tt (emi ss ive property) iz ~2 W T M if tl 5 . 
[0010] 

ICltftlfcfsi^tt^ fco ttJfi© 2 0©1J«T5 (j ux t apos e) 

t> * . Cine,2t?0#3|Bf©^ffitt^emtt'\7 L nS^ (pho tovo 1 t a i 
c he t e roj unc t i on) <h P? tf n 5 . eSEWfc¥S#:Ji§!K*V>T 

* T * . IV* (background) © * <f 7 , "t & b ^ . ft £ £ *l & -p 
fc . ± 5 J§ # fi Ste: . fcK*fctt*«*fcJ:*»«T&l»K-fc:>in;:±£L-T 
ft # T £ . *«4&©$"f7iJ«fctf»«tt:7x;i'$ •x*;p^-ifc»iqifio«s 
- Iliiii6&f HI (highest occupied molecular 
orbital) (HOMO) tllS^fll (lowest unocc 
upied molecular orbital) ( L U M O ) © fBl © * v 
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yt»t)lJi6HOMO-LUMO*t 7^0«irt"C, * « "T * . 7 x 5 • X * 
)l * - « £ # W « * *M / 2 C*H>iC5®I*A*-«iCi'f**3atl 

- t ifi V> y x 5 • x*;i/*-teI?L#£gS#^&3^<!:£*<-'"t , ' i *» * ^ 

[0011] 

(car r i e r mob i 1 i t y ) T & * . »»flEtt**t**UT«*ffl 

MO*ecD<t0HS^»^^«)K»»«^ , 3 - X tt H * C . iOS^ff^ftS* 
4t5LUMO?fiO±D«l>Sii;0 64i;5:til s 'e**. S^l'. w « ¥ » 
#f ; ijttf3, 4, 9, 1 0-^'Jl/>Th7i)*!t!t>S = l** <P e f V 
lenetetracarboxylic dianhydride) (PTC 

DA) 8Hi-t*fcB7>t^^-4ttJ:0* w *#»'* t * ,T * ,T,f> 
* # t> » ft ft H . fctA«. jtfilliPTCDAlC^^TKt-ifcttniffl 

TiEl»»«i) ! *S«ft77?i' - (c r i t i ca 1 f a c tor) T & 2> 

c:n5S#otfl*»ttl®ft»C- * ft S> £ r PlJ * fc »* r 7 ? -fe 7 ? 
- M i £ <fc fnMj £ rHt-fiJ tl/TwtiOfe. r ie ?i $8 g n j ( 
hole-transport ing-layer) (HTL) £ tz \t f^^m 
iij (electron-transport ing-layer) (ETL 
) 0«*^LtfLB*J8Sn*. :»«*St«V>Ttt. ETL«SftMl:tf 
■£ T & 0 . *LTHTL»i«*»CiEJLII2lttT**. ffl §§ r S S5t (rec 



(11) #g 2003-515933 

t i fy i ng) j tt . tTt. ffffia*#***tte*1*tt*#-r-&. f & *> 5 . 

uilt-in electric field) clftHlLTHS. 
[0012] 

5;t#SHU. 1" tt fe 5 . «B1lfttta<%ill«tt!ftiKK:.fc?T««EXifc3 

tti«M»*o'>ft< tfc 1 1> a* a it m m m t* m & m * tc k jr t r z> m * ic r at 

T5^tTS5:i5:g$t5. T ft to 5 . 3ft AttJIRWCa^T**^ 

£ T & * . CCiCffiffl$n?.t$, ffl §§ rf g ( e 1 ec t rode) j is J: 
I" ft £ (con t ac t) j tt3fc£j**;&*fl.»lHl8lc3IS*TJfca©Xtt/t-f 

7*«E***fc##T*fc»©«#*a*f«Ji**-r«fc»tffc&». -r & to 
*fctt-to«i*atowo»iiisai«-r*. jb t§ r m * & » i (charge 

t rans f e r 1 aye r) J ttliTtt, «St<HTV>***««f»»Jl« 
^a»«1»ffl#*^-yhxu^ 1 o©t^t?->3 > a» 6 » ft 1J- 

s n * . ;;Tftffljft5tt, tfttoi, *&«»**«»©-*©»■«, 

Jf ( * Sc $ fc « ) # H ffi » 5 (relevant wavelength) 
©«H*8«3t8l©4>fc<i: l fe5 03>a<l ( * R 3; fc tt « ft ) £ffioT3i®2tl 
•SO^rW-Ti^iC rgsj ( t rans parent) j H & Z t is o . mmtZ. 

(semi-transparent) J ? S 5 t ^ 5 . 
[0013] 

llSfcttg,«BI#, 4IJf;U I" £ m ft ffl (me t a 1 s ub s t i 
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tutes) j t h % . £ B r# U ttS*»tttft44Iti*tfM 

g 6 £ * tt 8 . fc«ktf20«±©S#Mt;:*i6#£&Rfc£AtfMg : A g <h * 

a«£fi«ttBft«. fc t *. « . ifto-^ni (ito) . • a: # n s a -f 

>j?i)Ai (GITO) . fc^tfgHfc&SM^v^Aii (ZITO) £ £ £ T -5 
T' £ 3 5 . fc . ITOtttn*»SJ 0 0*>^7hD-AJ:!)**Hllftfe 
*f L T j§ ?S fc "T & *-J 3 . 2 e VC3tA> H^t y ^ (optical band 
gap) *%>^fc»*KF-^Snfc*3iS (degenerate) n + ¥ g 

i$tib5. M©ars&Kftfl**f»ttaw&£»tta£## , J7:*-'j> (po 

1 yana 1 i ne) (PANI) £ <fc * © ft 3* IS & tl T & * . ilftfflftia 
ni:jr«l©*^I«^i^llitiTfej;<, - -tfflfg r # & d ( n o n - 
me ta 1 1 i c) J ttflfi*^©«f e^J^Tft^SO^i^t^ 11 

SnT£V»»»T, *iT*Xtt*4tLTIIl0 15aJ:04MiOtft*f * 
Of'S 6*»T§fttS tSCtt. &lgtt-?-0&BJ&S8 (me t a 1 1 i c fo 

r m ) T#ftt5t*Xtt r 7 'J - * * )U (free metal) J Tt5t 
frfbOCsfcnTtJ:^. tot, #38 9i©*MftJB**«tt»*K:tt C * ft ■ 

(metal-free) J i|JtlTt>±<, CCTffllg f ffi & ]g j ^ ©fc 

* . *BftJ8*tt*llJ*#*£#UTV»Tt>J:V»a*. *h5tt|?*0i« (b 
ase) ± T r#&JSj T * * . •tft6tt«»£7>J-^^JI'T'b£^t7'J- 

©•&£■?«>£ v». 4i««tn6o4i**T#ar4t«i:tt. m t e *s 
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[0014] 

ft*ttfc8*©jfcs«tt7 f /wx©*j«tt#«2 ntJK^. 2 a m -t ;i/ 

(b i 1 aye r c e 1 1) IC V» T tt , ««f#*H:£fc:fr«'\5 ! -cia£Tie 
d 3 . ffi & II & (bui 1 t-in potent ial) li^T-Dlg^-ft^fiS 
tifc*C»lTHi 2 ^OttfllOHOMO - L UMO^r y 7 X * )V * - g 
IC =k o T £ £ 5 . fr^<5^xn&-&tCOl>T©HOMO-LUMOl*;i<^-2g 
ttttHlfc«»ttl;:BI*SftTiJ0,HlTtt. 1 0 lttliHbl, 102 
SHTLiSShL, 1 0 3ttETLiSlbL, -£tT10 4te|HS£^fr-f 
. HLTiETL(Z)f,]OHOMO-LUMO^t';y*7t«; h- (o f f s e t 
) UHTL/ETLfflOSfcDCtffStCS. 
[0015] 

* t mH& Sft*I/Tn*))>6091lPlSS:LO. (non-stacke 
d ) PV^A'-fX. (stacked) PVf h 

. it t k « . * r§ m * . c * n t a , «?ttB)tt***tt#ttfr&Kfcff'v&nr 

[0016] 

a ^ © & $ 4& ) * * -r * . -spicij. H*©#*«tt:/D"i:*©-& 

fl: ft . ± B © <k 5 lc , g*t5. ;:ft&4X***lft]S-ii-*fc«>K:tt. tf ** J: 
J in. 

[0017] 

h > 7 V > (Thompson) •E.tiftHftfftHlillOS/Sll, 126§ 
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r«|HB*C*^<#*lC«ja*0**383t* : F(Very High Eff 
iciency Organic Light Emitting Devic 
es Based on Electrophosphorescence)j 
03 * K . * : F^^$^*-5fca6ll#tl»7 l eig? (organic 1 ight 
emitting device) <OLED)0«P©«3fcll<enilssio 
n 1 aye r) \z m til V Z> 1t ft <D Bite? M ±B <0 ^ 1t ' 

#B9J©HffKi3V>Ttt. EBLtt»tt*«Ji*»6EBL^OXttEBL««l« 

[0018] 

M(Ultrathin Organic Films Grown by O 
rganic Molecular Beam Deposition and 

Re 1 ated Techn iques) J . ^r5*;U*U"^i-7TII97# 
16^ 1 9 9 7 ( £1 ft . 7*Mh®!rJ. I"?. 1997) t . 7 - /X - , > 
-. (Arbour, C.).7-AXr-n>^,X?. 7 - (Armst 
rong, N . R. ) . 7 U - * . 7 - * . (Br ina, R. ) . 3 U > X . 
5? - . (Col I Ins, G. ) . ^fft-, K". (Danzi 

ger, J. - P. ) . 'J — . tT - • (Lee, P. ) . * * X = - . T - ■ * 
ft) a.-. (Nebesny.K.W. ) , rt>39, (Pankow 

J. ) , <7 X -1* h , XX. (Wai te, S. ) © r»g|»^i|i»{|c*f1»©* 
ffi^SXh'J-*J:^7*hXU^hDir5XhU - (Surface Che 
mistries and Photoelectrochemistries 

of Thin Film Molecular Semiconducto 
r Material s) . t Hi 7 - • ^'J^^X • 7> F • 'J *7 F • 
9 'J 7 9 )VX (Molecular Crystals and Liquid 

Crystals). 1990. 183, 307 («*, 7 - * 
<g|*"i7*©fti*tt#©£5?H8tl**y* (s tacks) tei£g$i££ffifflT 

L T t> -5 . 3 6 fc . £ *l £ ffi ft (Cli . JiJ13*«flS*-+ttKB*-r*J:5fc&* 
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tIfit<XH*<gC5#Iif#F (mu 1 t i p 1 e quan t urn 
we 1 1) (MQW) «jSa*E*;£nT^*. 
[0019] 

& IB S n ft it tl a ft 6 ft t» . flfi?«BftgL,lillSLJ: 9 * * tr» X tt * 

tUCEC«[-r*J:i)j«a*UV>. ft ft ft S> , %£©faS?«g| (d i s soc i 

a t i on) liSBTg:5tS55*6T$5. L,A<L % t , £ & 

o©ie : F^«?fltS([iciiie-&-rs^t)»nftv». sscu. 7t9smtt#&©-£jftt 

Hlt^©JRS$l/a CIT, a«KiR«g:Tfe-5) CD^-^-T$>-5^i*i 
©Igf Sli (f i e Id-free region) tt^^niJ: 

3 c tt ft * ^ # r tt ft . :ni:^^Tc i ■oam&itnx-wmi&Tami&inh 

S it tt * # , *C5tr03t«atlCW , b»4Lft^6UV»t^5CfTr**. s s 

tWC ;U ^ ffi ^ (bulk res i st ivi ty) 0-fr<^TiS&©fi?!|}6iri 
[ 0 0 2 0 ] 

®£ *> <£it T 5 T & 3 ? . 
[ 0 0 2 1 ] 

Um* 9ttlZ> tz£> <D 1 r> <D^Wl.\ti- J r * 7, =?■ * - Y (n ano t e 
x t u r e d ) # 8 . * U T -:/!✓> K , »nr»Tl. 5 tt $ tl * # ® . * tt ffi 
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IHftttSftfc (spatial ly distributed) «8Slft5M 

^lOXttllKSUCfeSflfc C h i gh 1 y f o 

* , » C X V> fig It 91 K T tt . tfc6Sft*9t. 
[ 0 0 2 2 ] 

ft o T . * « W IC * t» T tt . J:0*V>l*J**J:tf^«©*-f»* 
ffiifi<©®#Kft££Bg^£ffli;&a*£*£^*tt*&/^®# BT '^ft 
T S * £ (paras i t i c) Big^£l»<fc&tC10«±<Z>BiB^IHl]:JI ( 
EBLs) SOPODsCflcatSt^uiCioTl^Snfc. B S f ** i£ 
ft£n*Tfc35§fll<£fEJ£"f ; &££Kini;lT. E B L li 1 g © f # v •> a > + 
CiASn««5»i:jtttSfiit»Ii:l'Tfefffits:i^T€5. t» < -p *» O 
ft ft £ & fr> T li . EBL8^5 LliKiOPODSIIU< £-t**§3fc?>*- 
;P * fi IS tt » (shor t i ng de fee t) 6**t50l: + »ftB£ 
CJK-TSilttfT**. ft o T . BiB?BJtBttltV»*«Ji**0*til*t»-t 

[ 0 0 2 3 ] 

*i«JI«t5EBL s « , BS^tfEJfcSftSBi******©**** 
fe*Si5l:^tl>HOMO-LUMOI^Jl' ; f- : f t'^^f * 

n^EBL s©iEf Bit#es3itiiif t^^ens. ft o t , bj c & & <=> *i 

ftBfiftti?I***-«*it41:EBL«)>fi:#et4:t*tttf5ft6 
. EBLtfBS^SHihfailtraSSLV***. EBL#S6l:ft©««I» 

Ct,T, EBLtt««ft9C-*©«F*0«*fl#*BJtr*T*55. K Itfc 

t,T, EBLH2tJOB«jiiBt. a * . 

Mr * b s t © n c . ttKffft-rsTfcss. p*r*«a*»x 

. HtSiifc & A* fc©H«fc*55. ft o T . *^0*©#^.enfcfi 

SiIfetf^.EBLOfeJ60«^«Rlfa©^^©fi** ? «®*^«^^^ fi '^ /s '© 
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(al ignment) Itnffi&WllZii-rzBmtfft&Lfl^Zt&m&lzL. 

SaStli^tTSS. 4A6nf;«S#lgf lit} (b 1 oc ke r) tL 
TftmTZfr£ofr\tm&<DGm®%&tt®<DHOMOtLUMO<Dft%mitLiZ 
ft # f * . ft o T . «*^5XOft^*41fif ijhtttUTlil/TBJtt* 

^ti^ns #*« mznzmTom&zz&vrizteTF'simr&z. l a* l fc a« 
tt & iz mte n it m ® <d & t & t & m z n z t z Eh & ? m ± m t l x mmt z & e 

[ 0 0 2 4 ] 

£ * « . B2A-B2 Ctti^nftUigf tfSfliaLf 
fi±£-t£-5fc*©l:2&±©EBL s 4tt52liOPOD s ©3?-fy51 
M L T H -5 . :n5O0ttl^HJ:OEBL s S tt 5 O P O D t JKOi « ft| 

XttOPOD©i«!iriE»|(D<ijtt«ftHOMO-LUMOl^J^-^t7y 

* * fc> L T V» -5 . 

[ 0 0 2 5 ] 

12 ACMLTB, OPOD5 f /H72A00tt|||2A0 1, fct AK, 

• ft -f > 5> »> A » (ITO) . IE ?L Ift % ff (HTL) 2A02, mi 
. 7 eVCLUMO-HOMOtUftSifASnSCuPc, % ? ft H 

(ETL) 2 AO 3. ttAtf, *liO»l. 7 e V«)LUMO-HOMO»i 
JttSttA^n^PTCB I , Bgflil (EBL) 2A04, 1t t PL « 
. » 3 . 5 eVCLUMO-HOMO»KStr5i#A^5 2, 9 - v * 5=- 
^ - 4 , 7 - v 7 x - ;i/ - 1 , 1 0-7it>l>DiJ> ( A h :7 :/ □ 1* > (ba 
thocuproine) SfcteBCPtfcliftfnS) . *iU!|i|2 AO 5 
. ffi. * £ tr . EBL2A0 4i:*(t5^tftLUMO-HOMOl 

*JK-^t 7^liETL 2A0 3 * 5 E B L 2A0 4 0 ® & ? 0) & & % Wjtf 
5:ti<B»Sfl5HfTJ5. * , 13 B# K . EBL2A04IJ, E 
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TL2AO3iEBL2AO4©HOMO*fiS0i£ ; ft";^ (un f avor 
ab 1 e gap) , f ft t> % . E B L ©il IK * >ltlfi- © ft * C . ETL 
2 AO 3*f.|II^lpl*5I?LffliiI5:IittST'S5 5. L ft U ft # 6 . - 
j» * tt 56 fc* « 5 tt ft 5 ft ^ • H & ft £ fcf . HTL/ETL#Ifflli2l:f!4L 
fcrt«mjM4jEHftllS« 1 Cfi*oTI»S*TETL/EBLJHi«*©ifi 
< (cttttfeW^^©IE^U^?¥fttftl' i =k'5t-t'-5<S[o]* J ^ ; 5>0*^Tfe^)o CI 
09E3lElti®Ol^©M*ttEBL 2A0 4 iJ«tii:li6i« E B L T?* « t 
H5:tT*4. * ft • ETLHTPTCBI^LTEBLHTBCP^ 
««f*H*«ifc*V»TI4ETL/EBL»BK*»t««^t:toTii*>fcaiO 
LUMO*ty^##B»C#fit6Etfefi«ftfc'' 1 . » H K tt . US fill E 

ETL»SBLUMO!pttl:*filTII»t«LUMO?ttt#tS:i« I IS 
L . 

[ 0 0 2 6 ] 

02 Bl:H, ||*EBL«iBfc«S#il**lTli»«. OPOD|?2B00 
tt » S ■ 2 B 0 1 . 1t£K\t* WLfo* >9V J** (I TO) . Sjig^EitH ( E 
BL) 2 B 0 2 . fciAlf, 4, 4' , 4" - h U 7. { N . - (3-^*71 
- )V j -N-7i-Jl<7i/) h'j7iZ^7S> (m — MTDATA) $ ft « 
*iJXf l/>-/t+~>f t7i> (PEDOT) * £ tl . m-MTD ATAfei 
l)tp EDOTCtJHTOLUMO-HOMO»IiJjEili:tta6*lTV>a:V>*'. 
H2Bt»*nTV>4J:5TJftSi**6ft«. OPODtiS^tCiEiFllSiil ( 
HTL) 2B03, fciillf, CuPc. tt^f6ij£« (ETL) 2 B 0 4 . ft t 
*. tf . PTCBI, fii^lil2B05. fctAtf. ffi £ ^ if . EBL2B0 
2C*lt6**ftLUMO-HOMOl***-*t?^ttHTL 2 B 0 3 * 6 
EBL2BO2^0Bg*0»**tttf*^*33;i£#R*a*l* 
„ £ ft , H»C EBL2BO2liHTL2BO3tEBL2BO20LUMO 
ffiP^fflf 7 ^tSfe^EBLOBl>LUMOf filCioTHTL 2 B 0 3 
75^?>liffi^(6]A i oT«m^©^2l5rE±'t-5>®"^*^^» L L ft # b . CO^ 
« tt A £ * S K tt ft 6 ft ^ • ffl tt ft 6 « • HTL/ETL^SCf?ai:M4lfc 
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rtg&«IMi« ; f£l!ffiS2 BO 5l:|S]*>?Tlft$tTHTL/EBL5fIffi« 

„ d0«^Hih^B© lOOeSBEBL 2 B 0 2#ajgfcttP&ffifflEBLT* 
[ 0 0 2 7 ] 

ftigtC. 0 2 C I; tt , iSiii^lillfiJOE BL s^tT50POD2 
C 0 0©«*ft«»l*;^-IitB**ftTV»4. n 3 JB 2 C 0 1 . tzt A tf 
. I T O , BgiEBL2C02, ttjltf, m-MTDATASfcttP EDO 
T , HTL2C03, ftiAtf, CuPc, ETL2C04. fctxtf, PTC 
B I . I11EBL 2 C 0 5, fct^tf, BCP, itJISl 2 C 0 6 , fc t 
*«.'«. tt^T. lS«EBL*ii;illEBLfflSJSt,oT, HTL2 
CO 343cktfETL2 CO 4 O f I: 4)J S ft fclgf (if n 6 A«}f S b < 

[ 0 0 2 8 ] 

t»l***-*l*iB2Dl:j|*ftTHit:5Clli|tt«ai:fl»(S 
ft § ft 3i ^ (photodetector) 0 2 D Id £ l> T . 2D0 

1«SBJH@. I T O T £> 9 > ttltt, |?i>OHT'LfcijlB!Cu 

P c . I2D02, ClOKiftU^*. HTL*2D0 2OWCtt. f LT 
igflJti2D04l:BfiLT < 8oi>0ETL, feillfPTCBI, 12 
DO 3 5. |gf iJhI2D0 4liC0«||T«BCPT*5. igf ljt| 
2D 0 4li, ti^tfST*5|g2D0 7 - 

^^FO^i. V *} . 1 9 9 7 B, *SOHTL-ETLffBIJ*f*51 

[ 0 0 2 9 ] 

*^^i:j:na/H77SLTSfft5f LIE BLJa§tl,OPOD s « 
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OPODs«. 7tl/7 F§©*i#ttiili* 0 9 / 1 3 6, 3 4 2 ^, £09 
/136, 1 6 6 ?. 1 0 9 / 1 3 6, 3 7 7 ?, 1 0 9 / 1 3 6, 165?. 
S 0 9 / 1 3 6, 1 6 4 ? (HI, $i»T T 7 * 1/X h O P O D HiiJ ) ( * 

n & b n e o £ & a* * an m » © + t a * a n <=> n 4 ) ©**fca&*ttftop 

OD s ta*#tott«ISftTfciVi. EBL s $3§t 5 ^ L T^S© t ^ 
t;^tt5fei^ ( * fc tt ) iSffiiS^Q^tSlI (s tacked) O 
POD s ttKUft«*J:llt^»o*^J»**3gj«-r«fc*K**Wfi:a-3T*rt 

s nt «t 

[ 0 0 3 0 ] 

ffl B TVf-bJV (subce 1 1) J AiKitS^Sit, * *l tt * B 9i fc 

« £ * -f * . if^t^««fl*i:«3tttt^HV? hDrjxif iLTiffl^ 
n * t * . * n tt ft « » C tt . «*0*E£&-feyH. fittbft. IE £ ft . £££ 

aoait^womsifcttmw^ftiiswfflTSiit^^ST**. © £ ic 

* v» t 12 . Btt^^-tjm^aoms^fctt^flfaufcii***^*^. * ■ r 
7 -fe ;i/ j tt:;ttt, §f 7"az;/ fti#oitot8SfcH*t«)ii 

3>j f2 ft * « tt JI £ tt 1 © -fc h*>«ktfPg-f£«®3:fc«:tt«S)li£» 
-r-5.fci*ic32^Biigicffiffl$n4. :;Tfiffi^n5it, ffl §§ r x ? - y ? ( s 

tack) J, f«l (X?-;n (stacked) ) J , r ;U ^ -fe £ -> 3 

>j & ± r v )V -b ;p j a 1 o«±©f is fcttlt^lli:i'3T^SiSti 

[ 0 0 3 1 ] 
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^ . ttW«ft*j«tt-!J-y-fe;u*«ii?>J»c««an4t*j:ot>«*Wk:J:o*^7 

tacked solar cell)©»*GHtCitJ*Stt*T*3'5iSA3 
[ 0 0 3 2 ] 

;KB«J!*H«T*rt*. * * 81 © JS ffl . £ * « . SIt^^I/' f (LCD) 

^jg^-f^cttcfctts. # # «e u . * n jb k: « . «t o & v> m e ** , l a» l « n 
m © fc » k « . aii}i»a*»ii6ii*BiE*LCDt:ft4t5oi:irs 

tS5?. **«»tEr/WXS^<4J:5i:tJ)i:«a8tt«tit*^t^ 

*s it its a* - * m t « w a 9 r * & s a . « a ■* y -t * a a it m it « t m t> a s c 

« HI S ft-* 9 t> * « © if 1* ;w # 9 t> * v» <!: S t> o T . i§A-T5S££*rbT 
<fc fr> . fc 0 C . -»7**JI<#Klttt99C!>±KAfe£nSft&l£. fl * © 7 
t;i/OJPStt7E*^tE»*|Rli:*»6#-S-7*-fe;PCA<b±T©^t)-&fcli»«K 

[ 0 0 3 3 ] 

i*l/i»*fe»6ftv>. © & ffl © * lc . ^««&^©fl.g&8^«*#fcf| 

«^«E^tittTt5^iicijDAT. & m © b * . *%we>mm±w,nm\tv7 

t*Cltfnfct^t?F (subset) i^ltftlfctffS^y K^i'TS 
- £ (tapping) C^^TH-ll^StROtEtlftrsOCbllJI 

s n T J; n . 

[ 0 0 3 4 ] 
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[ 0 0 3 5 ] 

_ ^ ^ 5 5, (Parthasarathy) §C*l#SSiSi 0 9 / 0 5 4 , 
7 0 7 § ( ry^t7-> (Parasarathy) '707J ) IC M ^ £ ft T 

703, 436^ ( r^^Xh *436J ) CBS 3 ilT V» 4 i 5 ft I* C 

««C89i!!i#4*ofi*R»i**i«t«fc»i:i7^n->7 = i' (CuPc 
) . PTCDA^ilCPTCBI CDipSti«8©±*Xl«Si:aif MSt 

ii©ll:ITOlSX';/W^fil?y7h (sput te r depos i t i 
ng) 3-frSia*fa£T*tol7n-fe*T»*L<J!iaSftft. ^5*5-> 
7 0 7 « . * © ± C I TOi#f#'^ hSnTH5i:50SllOftb!)l: 
. ^ © ± iC *T «S S # x * v ^ hSftTW*iS5®I TOltt^f Kftlltt 

[ 0 0 3 6 ] 

ft fc 1 OKiClg^Iiti^^fOPODJfcttOPODf^tJ^Sit 
[ 0 0 3 7 ] 

J^t/uft^OPOD^Ifif 5CtTS5. 
[ 0 0 3 8 ] 

fi$^t)^TlffT't4iIOPOD^Itt5^ 
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[0 0 3 9 ] 

&2n£®iR£0 PODl;#4t5:tT$5. 
[0 0 4 0 ] 

*»W©Hft5l»ttSASftftV„JiffSft3ftftI„«fc^OPOD* 
[ 0 0 4 1 ] 

*»WOH©|»tt*y-fc;i.OiJ»OfiIlSlttllS*t4«iOPOD6fi 
[ 0 0 4 2 ] 

# h AM (bot torn 1 ayer) tCioTS 

D*yt*4>6ids3ntllOPOD*fi«tSC iT*5. 
[ 0 0 4 3 ] 

*%iO$^5IMIiIgfljtl$tt5«S8i6EOPOD$8i1-5 
[ 0 0 4 4 ] 

*»W0S&KW©Btttt£»tt3ifctt*ftliktta« (subs t r a t e) * 
[ 0 0 4 5 ] 

*»W03S&SB»ttlWtt (r i g i d) $ fc \t SI M ft (f l ex i b l e 
) l«S§t50P0DsSgftt5;iT$5. 
[ 0 0 4 6 ] 

[ 0 0 4 7 ] 
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[ 0 0 4 8 ] 

( U m fc 12 i>B ) 

fyHZii««sn. •euf-?«tt*5!««)«*l8»«3i:|i>tif: 
x A -f 7. Id "P ^ X 12 £t £ n ft . 
[ 0 0 4 9 ] 

|3ttt, OPOD3 0 0tti®i54It*ti#»«li3 0 1, BCP 
©J;?&ltafl0EBL3O2. PTCBI»io4ETL 3 0 3 . CuP 
cCi^HTL 3 0 4. 43«ktf I TOOi^atSigtJfiCiS^ttS 

[ 0 0 5 0 ] 

m*mm\t~ i 5 o ot>yxFD-AisoiiTititotfc'f>vfi 
« (i to) mm (4oo/sq. o->-fsta*feot) T-«a^nfc^*» 
&\znnftJS7*&fav>±\zMxiitifz. t # v -> 3 y \z ft ft o t . 

(thermal gradient sublimation)^ 
«fflLT31f'f^;i'THI«*nfc. !B*0J:5&ffi*tS<5 (1X10*" 

^-_^^ :7; 57 D ->7-> (CuPc) ©30^>^7.r-a-A~600^>yx 
r-D-A©J?2©BI< ^©miC7i--fe^^-«3, 4, 9, 10-^'JV>T 
h^J^+^'J'vn'X^y'/-* (PTCBI) O30t>yxM-i 
~ 6 0 0 *>^XhD-i»©H^I. * »* • /t h * 7 D -f > (bathocu 
proine) (BCP) E B Lffl 1 0 0 t>n F D-i~ 2 0 0 t >fX f 
n-Af Soi#f#i>"' r*nfc. 3. 5 evx*;w 

fc^BC Pli, I8PTCB 11*5. h-y^WJPS8 0 0^>yxha-A© 
AgSS (fi)|}&*gl:ittilfcil:9)I®XS?t>A--»tTilg lmm 
©|P«**-)3/tH--"Xf **I/T1X1 0- , h^TX/t#U'-hSftfc ( 
evaporated) ) ^. *f **» t 4 i t tfT* 5t «ftflfif 
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iJt»T*SCt^ftl:j?SnTl>4. £ fifc O P O D s ©£T©*J!tMJfctt»]K: 
ftjtStlT^fc^lEgtt^^ + TrTtonfc. 
[ 0 0 5 1 ] 

IfftCbfcoTOlgfC^-tflcSigLl. «3ttt*f«tt»0a;t«PTC 
B I ©6 0*>^XhD-Af 0|l;ot)T0feOT*5. i$ - ± J&tt L, < < 
a". T fc to 5 , !R«ft*«»afi^»*ftaFJ:0tt*4»t*#V», t 3B « T 4 ^ 

StSnt. SiliEBLS*ffll;S$T5. tt*tl£tlC!ll3tttJ|LB (que 
nching interface) £ *r T 5 „ f% 6 © 1:6 t> T , £ ffij 
#iet @«)&a@f x (s i nk) ( fc t * tf , »* 3 0 0fc6(t4Cu 

Pc/PTCBI^®) T* £ 5 „ *8Wi:ffi5T/WXttitf3 0 0 C*HT 

iBT*otfO*t)ft*. ^570*«l:ilt5*Ii«OB4*l:Hl>IttEB 
LtCjfBTCigf Bli^i!«tt5il>fcft<tLT(ffS KBSSTf 

* t) U T U * . 

[ 0 0 5 2 ] 

05 tt*50P0Dl*l:*»t6EBLC»J©ttt4lf4*BII/Tl»«. £ 
JS © # ® ft ^ (back e 1 ec t rode) fctx.tfAg4ttSOPOD 

h 'J y J • 7 >f - Jl/ r-* (vanishing optical electri 
c field) 0«**5insJ:5l:->7hritfllSn5. C © jf 7 7 
*»6to*>*J:5lC. igf lJiifccABBCP©jf Alif AWXOgttitl: 
*3(t^^^-r^*;i/ • 7^-;Ur-*©S^fiK»©¥7jCD^^fii$#^lcJiJ)D$-B-^ 

o m * ti 1t * 7 ?- 4 1i • h>J»> • 7^-jH^o7d7 ^ -;HiUt± 

* 7*f -c # ;P • x U £ h "J y * • 7>c-;Ph'Ci7 p D7-i--jPtiAlt7t^ei^)^^ 
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m \t % m f ft & *> » n * ^ # . 0 5 tc fa *> n x i» * <t ? & h * r a -r t. m & ^ © 

jj^t5. ;tllift»lf«¥ (internal quantum effi 
c i ency) fc * » L fc V» . L # L fc # S . 5 « 

aanfc3t*»3tsttJi't , **»iaisatan*5 f A'f^K*''»"Ctt. * ft « a v> * 

$ 3* (external efficiency) *»*fc*fc**t£S&»* 

T . £©!R«*3l3**tt#fiL&lr>T*33. ft « & £ > * ^ ? ^ * ;w • X 

<7?tl AStS (pene t rat i on depth) ©£6#MSKIfc (pure 
ly decaying function) 
[ 0 0 5 3 ] 

16tt*^IS^*St5iO*ffl«if/HXfcc^tf 1TO/CuPc/P 
TCB I/BCP/AgC5A = 6 2 Onm (CuPc©©)Rtf-i7tCffl^-rs) 
fc*lt**»**»» (i».»t) «*»:Ji**©H*tUT*UTV>*. 3 

0 OOHFa-AOPTCB I H 0 0 * >H F D-AOB C P Jtt 5 
x/WX <**.) IC^^Ttt, CuP cg0lS#i'>t5i, i),, 
SgJtlS. E « IC , 300*>yXr-n-AOCuPci:100*>^XhP 
-AOBCPStf *f/W^ (IBA) t O V» T tt . PTCBilffll^'i 
/>t5i, n,„©UO#A-B40nn (PTCBiaHK-?) T « g £ 
ft ft . BCP-EBL*t»*tl6c. PV-ir)U ( P V ce 1 1) # « « «F ( 
response) tt £ *> If V> * *fc ^> V» T * £ fC £ T T ft . fc & A tf . 3 0 
0 * > ? 7. hD-AOCuP c i««Sf SOPTCB I i$lt5f/WX ( 
S5tL) i:^^T5§nTVi5J:5i:. c©BCPl«fcofc6 0^>^Xhn- 
A«0fi5ttl^J?^fe^)fcx/N*-fX©J)nl?rma®«SfttTl.iiStlftitlCg* 
jnfcH. Sn A T . *«H£tt*;i/©iI*JStttf<2 0 0*>if;ir-O--A©BC 
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POi jftlSOBCP|K;t)^Ttt«l4ftftHSiT»5:t«SLTl>* 
. EBLO#ftT?OJtiSttlOf 3©«^i:J:8 n z . . © # ■ 41 to <t t? , „ , © g 
icJ;D;*:£&ifiDtt, ®)£^te*$&«&<h^©&©€ffiiRli©£»ic^xn# 
BtCtt1ll[Uft»tntf«t6«t^t«rJ5BJ*«ftllft*4A*. «fc 0 if H M C o H T 
OW>t5^f§f)8l$ (external quantum efficie 
ncy) tt . S IC. t> « e. . ^FrUttffi^c ( T & % . ^xal^iBA^OltJ 

JSJtttAgl?! (quenching Ag interface) <b f& I, 
TJtfcfSJltfcillAT, EBLttlf ili©tM5Ag?77^- (c 1 u 
ster) ©ftAtBCfttfbt*. ^^S^X^-teS&XRS (short 
i ng de fee t) Sgil3tt-tlxTaS-?©&a©a!in©iB«*(fc£S{lt 

[ 0 0 5 4 ] 

# fg BjJlC <fc 3 gy © x A* -f X <!: A fcf I TO/1 5 0^">^X hn-ACu P c 
/6 0t>?7FD-APTCBI/15 0t>^hD-ABCP : PTCB 
l/ 8 0 0 ^>yx(-D-AAgO, AMI. 5©^)tIi©j|«&?$g0TT 
© . m St *f ^ JE (I-V) 7 CiSnt^S. pJ^^g©->S h 

Snfc^JttBS^tt, AMI. 5Rtffc*-A£M«£i2--5;fc«&©*ttiga? (neu 
t ral dens i ty) 7-i;i^-fc«*.fcl5 0W©Xe7-*7>:/£ 
ttffl Itg^^lgTT, # £ fl . (tyf-f**-/W- (op t i c a 1 

power) (i ~ a — # — Sth (Newport, Inc. ) ^£©&IE ( 
cal ibrated) S i 7* l-^-ft- h'SIILTWtSnfc. X e 7 - 
J7>^li*ijl* (Or i e 1) ^©fcWTfcofc. ) I-VJfc£fi2 0± 
2kQ-cm'©$}-g§ (shunt) & ft ( R . A , ::?AB8&ia (jun 
ct ion area) T £ 3 ) i:3 0±10Q-cm , ©/h$ftit?iJJgSi£# 
StilTViS. HIS (dark current) it n = 1 . 4~1. 7 © S 
» « gSc (ideal i ty factor) Hofcillfip nS&y-f t 
- Hi:^ux©gii:f ^ . cnsoittff SL<ii#i«->ij3>t)H:i!iiR 
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[ 0 0 5 5 ] 

BCP««~10% (mitCJ:*) © P T C B I « F - 7 * *l fc C £ *» Bit 3 

n^tx-«. *T/Hwti:f#v7 h$nfcif«BCPi«i«T-ib 

5t*^5n5. SffftfiHD6iJlBEBLtlTfc«tt5Tft5HlT 
±9&l^S^ifti£tt1l£WT£T&3-5i:^*-£*i&. LfrLfiifiZ. & ft life 

OW6d»C*««OBCP©BiB : flH±lttfll©f*»ftft**^ - * * » * K * 
ft 88 « (I ight intens i ty) TTtttl&Tfc*. f ©8Sil/T 

^^$fcoT^C5^*^^-r. BCPOJ:5 6^<^*OEBLtf»OH-K> 

Ki^WSl'fc. 3 £ tt , EBLO-ftllCifi^LUMOI^J^-ffi^t 
f5«^S%?T. ffi«f/HXOft>Ttf$iIUtV^EBLOH-li>i' 
« „ tS. fS 4 flf # 81 (space charge bui 1 t-up) £ £ D T tt 

H - /X > h » tt (dop an t s i t e) T«>8ft*tl + Cl'*l*1"f 
* . 

[ 0 0 5 6 ] 

*»Wl:f 50POD<0tti/l7^-?-O. AMI. 5*^T^Jl'-77 
y 5 7. (opt ical f lux) fc**T*tt#tt*«H8l;:*anTV>*. fi 
& HD 85 « ttft ( I s c ) »iJB»3IKtt , bCIt«*T*D, * n tt ~ 1 5 U- > (su 
n ) © ft ff H » U * * C * t» T 3 A * * ft £ Pel * » * « # * & * »t ^5 - * * 
SfeLTl>5. gliSiE ( V. c ) tt>10U->OJBi*5l*fc^^Ttt*n*»V lt 
= 0. 5 4V©aBCit4STli*il:*lDT5. 7^h77H- ( f f 
) tt . iii:»SSnTi0tl/TH7i:H<!ISftTi>iJ:ii:. i !S S T tt . 



(29) 2003-515933 
0. 5 7 . a#©J**©*»*ttlC-3tr»T©ft*«fctt, \Z & S t . tLT#i 

$nfc«^:Bgit3satc*viT$^te©#t8Pv s iciiusns f f<o. 3 5© 

ftSWffiSrS-f. f fttV, t fttf3tt»a0Jt*£i'bt:*il>1-'5©T. AMI. 
5 IC *5 S^fiSAy-^tftaa^ (external power conver 
sion efficiency) ( n , ) \t \Z ® r> < 0 %Wl T Z m to & & <D 
ItT & 0 . 0. l~101t>K:&c*3j£^it5IItcfc>;t-5 7) r =(l. 1±0. 
1) X©«*fc»-r5. ift5fi*H)IRtlP Vt*CHIItCD*BJ:0 t». * 
L T tt U * T . tti:S6*nfcCi$IfcLT*i), V Jl> ^ 7° ;Hr > ( m u 1 
t i p 1 e-sun) ©->5aU-h*nfc*RftJBtt<0fc£T0a**W&*fts 

[ 0 0 5 7 ] 

<9 V )V ( 1 ! 1 1 1 HA) Sr^T. f/WXi|lilTO/90t>^Xl>D- 
ACuPc/9 Ot>nhn-APTCB I / 1 0 0 t>^X 1- O-AB C P 
/ A g (H-7"SntaHEBL) T & o . *»X"**h;HC#LT©fPJ8X 
£ r- (ac t i on spec t rum) <D & tl tz -y 3^ > ? \tW ft T & 
5. ft A X ^ £ h ;m s fc , *r«Bt©!R«X"<*h;t'©ft («7X|«^LT 
S-KiRJilCAStLfcftsR (op t i c a 1 f 1 u x ) iCi^TfFiSnfc) tC 

i©n© + IBI«liT**(!:^5<RBi*JilE-r*. * * . 77i « r tt iS» A -f 7 X & t 

•bicam»T*tiii"r*j:t*«*<san, wirattEEicttTsftmatw^EtePTc 

b I i©f $ i;cD*ft#t4. £ £ ic ti , 7? EIt ©JgiinttPTCBiKJRx^^ 
^CtE5. tot. «E£tt-r«%ttflE©tt#ttt2PTCBIlc*ft«H*© 
3t € * r fc fc 5 SI A* ;P £ (f i 1 m bu 1 k) T © a €f # M © fc & T h -5 t 

# e> n -a . 

[ 0 0 5 8 ] 

i9t, tfffsnfcrtg&s^^ ( t? , » t , eft) o»lftfftt^^D 7 n 

TfcO, 2 5X©**J»*tt9 0^->yxhD-A©PTCB I JP S 43 «fc C u 
Pcf SfcoHTlSSnfc. - 2 5 XOrt»I?»*liHi»J?*^ by - (g 
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eometry of Interest) C?k>T»l8?*l«C*t«* 

w ffi & \z j§ l ts. t ^ ? c t mm 2 n z s< 2 t- $> z . rnii)tf 

[ 0 0 5 9 ] 

cniTKEtifcttttoSf^Jtfitti 0 *^ 7 ' « « a ■ < * b s ° r ba 

n t 1 aye r) OSi»S S t 5 f SSSftt 5 ^ U 

loC**illtt«IOPODT*i. @)ig?B±15r^tJa 
iOPODl 0 0 OB0 1 0lC«IS»l:ll«Snt^5. 11001. 1003 
1 0 0 5. * J: 1 0 0 7 tt , ± E fc R 7 * X h O P OD IH ■ ® * & G tt 

. ir * -> a > 1 0 0 2 . l0MUJ:ffl0fl6tt«IOPODlfl00OOP 

a bT. ii£f:«l@^lil 0 0 3 fcitf 1 00 5 tiff * u < * 0 

fc ** 6 . f/W^l 0 0 0©S±®£fcttST®£-£S*>CA»Lfcft#ft£& 
J8Cf/t'fX'otCX5i5Cil 0 0 1 * fc tt 1 0 0 7ffl«<iUO« 
*Ktt»i|!T**. |10(I81«7X, & R , ^7Xf7>a^J:5fta 

* * . i§ £ (C J: ^ T tt . 100Ufclil 0 0 7ffl-JM»ttT^TU^ 

»*itcttjiDn©u-7i:;i'*<iB*ii*tiT i b<fcv». ? * u- 7> hOPODffiiitcia 
tsntv^iu. r/H^i o o o © * 7 -fe * a m *> u < a m n c x a a 

[ 0 0 6 0 ] 

ttfrDlC. It * L JJ r tt it * V n V> K <R tt * & Uli i n absorb i 
ng region) * £>&®M® Z n Z ? > t > h U - ? - (conce 
n t r a t o r) «Sfl«T^il>Uili. ti, . , © * £ 6 W & T * 
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MIOftSWtti (interior reflecting layer) 

HI5Ci*iT*5tl»5C til»BI»Sn«ttri:»4. l3BS&JB*©*ffl#ffaJ 
1, ftlAI#lll? 1 0 6 4 4 / 5 0 5 0 1. ( t 5 0 5 0 1 ffl fit J ) (* 
B9i»»©'fM;:a*Aft&ft*) © 4> JC ti , x AW X fC A ft £ © ft £ fa El 
t>E»S*T«tt»**Jt;!iOStt*x/W;*«£#E*:SftT^*. 
[0 0 6 1 ] 

X (01 1 K M *» ft fc ) ttC©»*l|lO**KT4fcafcttJB3ftfc. fetAtf 
*5XSfctt^57f «;f CSflll 1 0 2«ftrJk-l'>7.fi£ (op t i c 
al coherence length) i D t ICgE*^ fc. ftii« 

i: F-y$nfc i to i i o 3 <Dmwm®\tm : ?w\z%\its.m 1 1 o 4 te ft # fy 
irs^t^SLt. ft « tt $ m i i o 5n««sn&*5ft*ss»Lfc. m 

IW8 (concentrated radiation) (AMI. 5 \Z *5 
KT 1 0 D- > ) IttKto&M 1 1 0 KDtWlintiatlli;, ^LTlSiAg 
£ It tt S 9 1 101t©P B i !T&lHlK»-t£j2i*i8§i (near normal) A 
Itt'-ASislcL, S/UttBCP EBLCIILtCuPc/PTCBI® 
211 (StliTl 1 0 4tLTg^nTfcD, f L T@ 2 A t HiT 5 ) It 
i*aHPO!R«*att*. 01 2 ttlWttl 1 1 0 l© + ©PJ»BDSB*-r* 
© fc H 1 1 tHi;3IJiR*fi«lliI/Tl>5. ffi & ft 5 « > 11 1 0 2ttll lie 
*tf6*A-Al:fi5TS:Snfci* 1 1 0 0 O C OKftOifiOJI P * I LTA 

iOgSJgILT, tj , = 2 . 4±0. 3 % © *V 
SB A 7 -7 $ ^ tt 6 0 * y V X r-D-i>©CuPc. 6 0t>^^ h D — A © P T 
CB I . H «fc i 5 0 * > X [•□-ACBCPf&ttSt^C'JUTiSSft 
. Cfttt#*©*«©3fcfi*a-fe;PlC-3^T*6SftfcAMl. 5 IC & £ g 
*»«/^-«*S»*T*5tei;6n«. *3fchy;/«ffi ( t op e 1 e 
c t r o d e ) ©fc * \Z . £©flTttAS*«»ll©£Ttf»«3ftfcfottTtt& 
* o fc C t I: g f 5 fc ^ . «k o T . f»Sftfc/t7-3&*ttTIH**fcLT^ 
4 . «ft©#yJSS«aftfc-fc;i' (7*l'Xh0P0DttjH©'1>K:B|jR3ftfc'b© 
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&n5i3%$itia$#3tISnfcf h77lf>f ( t rapp ing) © t> 

• x h 'J -y * • 7^-^F«8©*J&£4*K*^2S£^?;:<!:£tgf8-f 

£ X* $> -5 . 

[ 0 0 6 2 ] 

jfcft7o**©J;0±^t^tt*D*<t£^* 0 8*»fcx/W;*K&*«k 
^S3t5:i$Wffii:t5Ct^ifcilS3n5^tTS5. « H © it i& tt 
t£lttt©£S>&3gi§{fcte«£®: 1 K (paras i t i c absorpt i 
on) ft) AT, « * * * # (donor) * J: S # * (a 

c c e p t o r) « » © x * - * ffc E *J * . IgrCe^l*)^- ( ~ 1 
eV) ^H8SSmCHf"SI)fibTS!fn-r%<t5C |St4:ilif/HXft« 
££SKfi±£-t2:5T;&3?. ~8X^7-3E*»*fc«S-r*~8 0 % 1*1 SB $ 

[ 0 0 6 3 ] 

• t8H^rrtOl'l:EBL*n50P0Dffl«iliv'Sal/-FS 

t> , *R©H*tt«*sn*Jit35«Tr€r. f o 5 0 1 miotcEt^n 

TH5<t5l:OPOD©3liStti«l:l*n5:tA5Tf 5. 
[ 0 0 6 4 ] 

01 3-1 5tt0 2DOJ:5ftEBLSttSaiS)t* : f ( m u 1 t i 1 a 
yer photode tec tor) 0«*»&©T-*£S"r. « « fc B "T 
5HTL12D0 2*ifftil:l»»t*ETLi2D0 3tttl*5inTV> 
5T/HXrtS5OHTL/ETLl©SSoMi0fcft*65l:tU»)S^. ft* 
WKttHtCli. |g2D05tiSSlf:I2D02tt830~l 0 0 * > ^ X h 
□ -A©CuPcT-*>S. PI ft IC ^g2D0 1i:l«U;|2D0 3Hfti69 
(C 3 0 ~ 1 00^>HI-D-AfflPTCBITS5. EBL2D0 4lifct 
Aa 5 0 - 2 0 0 *>^ha-iCBCPT*i. HTL/ETLi©«tO 
j^SETLiHTLl (ftiAli. 2 ~ 1 0 t>^X h P-A®S^ 
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* - m& £ . 

[13] 

13tt, *^Bj(cJ:-50il*OPOD?:^-r. 

h 4 u . eb L<D®%& mm?® %%mo®% tit® is -en as nit®&?& 

[0 5] 

@5tt, i8f*lOiStt«**^f^JI'-iHh'Jyi' • 7 * - * P 
[0 6] 

16li, «4SIfSfflMi:LtOI TO/CuPc/PTCB I/BCP 
/Ag»?®A=» 6 2 0 nmfll«S«ft»»I^»* ( tj, . , ) © df 5 7 T * 
5 . 

[0 7] 

0 7 tt . AM 1. 5®»ft!B»®a*&»«©'b*T©EBL (ITO/1 
5 0*>nFD-ACuPc/6 Ot>?XFD-APTCB I / 1 5 0 * > 
//XhD-ABCP : PTCB 1/8 0 0*>yxhn-AAg) 
^ CD € St ft it ffi (I-V) Sl5£te©if57T&*. 
[0 8] 

0 8 « . *5B«CJ:*«liOPOD©H««*Sw'**. 
[0 9] 

0 9 . *««Cfc<5»«»5?:i-* h>J-SOPOD©0iJ^^«*^T. 

[010] 

01 0 \t . igfiJtI^*1-5«iOPOD&jll5mi:it. 
[011] 

0 1 1 . igfl^lJtt5lSKM^®OPOD5it. 
[012] 

0 l 2 tt . lA-Ai:i9ofcii 2©iSiT*^. 
[013] 
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0 1 3 tt . **«Ci5i5*0«lS3t«fOi«/tH*ttoy5 7Tft 

[114] 
[015] 

B 1 5 tt , *»WfcJ:*S|0*»0«[JiS3t* : FO. «£E©^»<!:LT©^g|5* 

[01] 
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